Introduction
Induction hardening process have found ever-increasing applications to improve the performance and life of the parts used in automobile engineering. Thin surface layers i.e 0.25 to 2.3 mm of the work piece made of steel can be hardened by this process.
Y.Totic ,R.Sadeler,H.Altum investigated the effects of heating time, feed rate and temperature on wear characteristics of AISI 4140 steel in induction hardening process. [13] Julie.K, Timothy James. [12] studied the effect of feed rate and gap between coil and work piece, quench distance and part temperature by using design of experiment neural network optimization technique on induction hardening process and reported a significant improvement in the process.
R Kolleck, R.Veit [7] focused on reduction of processes cycle time, rising energy, costs eco friendly process and need of new heating technologies in hardening process and proposes the inductive heating alternative methodology for boron alloyed steel. Robert Cryderman , Nima Sham Soei , Al Fatemi [9] In this paper study investigates the influences of induction hardened parts produced from steel bars.
Resit Unal, Edwin B.Dean [8] In this paper authors were presented the overview of the Taguchi method its steps involved and state that , it is a systematic and efficient approach for determining the optimum experimental configuration of design parameters for performance, quality and cost. Principle benefits include considerable resource savings determination of important factors affecting operation. Performance and cost,and quantitative recommendations for design parameters which achieve lowest cost, high quality solutions. In this paper, best working parameters are selected for generation of desired hardness values and pattern in EN8 D steel, by using Taguchi method. Because Taguchi method showed to be a very useful in process improvement provide confident information about influence of factors on a response variable and less number of experiments than traditional method to improve the process while not compromising the desired goals. [3] The Taguchi method uses a special design of orthogonal array to study the entire parameters space with less number of experiments. The experiments results are then transformed in to signal to noise (S/N) ratio. Taguchi recommends the use of |S/N ratio to measure the quality characteristics deviating from the desired values i.e. lower the better higher the better, and nominal the better. The S/N ratio of each level of process parameter is computed based on S/N ratio analysis. A greater S/N ratio corresponds to the better quality characteristics. The ANOVA tables has been used to investigate and test the significance of design parameters. It indicates which parameters are significantly affecting the response parameters. In the analysis. the sum of squares and variance are calculated. F test values at 95% confidence level is used to decide the significant factors affecting the process.
II.
Experimental procedure. The automobile shaft i.e. selector and shifting shaft was selected for study. The work piece material used for present study was EN8 D steel. Its composition was 0.40% Carbon, 0.22% Silicon, 0.71% Manganese , 0.02% Sulphur , and 0.024% Phosphorus . Material conforms to BS 970(1955) for EN8 D steel. This material is suitable for variety of automotive components such as axle, crank shaft, spline shafts and gears etc. The length of work piece is 177 and diameter 19mm respectively. The static induction hardening has been performed on the slot portion of work piece.
Work piece material

. Experimental apparatus
High frequency induction hardening machine (40 kw, 200khz) make Sanket Power Systems has been used for the performing the experiments . A source of high frequency of electricity is used to drive a large alternating current through a copper coil. The passage of a current through this coil generates a intense and rapidly changing magnetic field in the space within the work coil. The work piece to be heated is placed within this magnetic field where eddy current is generated within the work piece and resistance leads to heating of work piece. The core of the work piece remains unaffected by this process . Induction hardening temperature was above 850 ºC .
Experimental plan.
In this investigation two factors at three levels have been studied. Factors and their levels are shown in table 1 . The factors and levels are selected on the basis of literature review and their range were finalized after pilot runs. [11] The values of factors of induction hardening process were utilized for conducting design of experiments in induction hardening machine for EN8 D steel. The response variables to be investigated were hardness HRc, and its developed pattern i.e. case depth , Based on available in put parameters and their levels an orthogonal array lay out is designed for Taguchi method by using soft ware MINITAB . 
Experimental technique
As shown in table 2 nine experiments are conducted. Each experiment is conducted for three times to reduces the experimental errors. Hardness was measured by Rockwell hardness testing machine for C scale at 150 kg load, having diamond indenter at 120 degrees . While automatic Vickers"s hardness testing machine is used to measure case depth achieved at various locations.
III.
Results and discussions.
The mean of three experimental values of each run is mentioned in the table 2 further analysis of results were carried by using software MINITAB.
Analysis of variance (ANOVA)
The ANOVA tables has been used to investigate and test for significance of design parameters. It indicates which parameters are significantly affecting the output parameters. In the analysis the sum of squares and variance are calculated . F-test values at 95% confidence level is used to decide the significant factors affecting the process and percentage contribution. Since the p values are less than 0.05 and larger F values indicates that these factors have statistically significant effects on the performance . The ANOVA analysis for response are shown in table 3. All F-ratios are based on the residual mean square error. 
Mean of hardness
Main Effects Plot (data means) for SN ratios
Signal-to-noise: Larger is better Significance of induction hardening parameters (difference between max and min values) indicates that power is significantly contributing towards the induction hardening performance as difference gives higher values .According to ANOVA analysis as shown in the table 3 most effective parameter with respect to hardness is power. As per the S/N ratio analysis from the graphs and significance the levels of parameters to be set getting optimum values of hardness are P3-T3 i.e. 14 kw-4 sec. The analysis of graphs and ANOVA results clearly indicates that the increase in power and heating time increases hardness of work piece Confirmation test: After identifying the best levels of process parameters, a new experiment was designed and conducted with predicted levels of process parameters optimum parameters found are P-14kw, T-4 sec, comparison between estimated values and confirmation test value shows a small difference between these values.These values correlate each other. This indicates that ANOVA results are closely match with the Taguchi results. [1] 
IV. Mathematical Model
The relationship between dependent variables and independent variables is characterized by a mathematical model called a regression model. Multiple linear regression equations were modeled for relationship between process parameters i.e. power and heating time to evaluate hardness for any combination of factor levels in a range specified model for multiple regression equation is
Where y is dependent parameter, x 1, x 2 , x 3……. x p are independent parameters , β are regression parameters and ε is residue. [3] The regression coefficients have been obtained by using experimental data. The regression equations for response characteristics as a function of two parameters of the material EN8 D steel considered in this experiment are given below. The insignificant coefficients identified from ANOVA have been omitted from equation for various responses . In this case, regression equation is formulated in terms of parameters i.e. power and heating time by using MINITAB software. 
VI.
Micro structure analysis 
VII. Conclusion
Taguchi method of experimental design with L9 orthogonal array has been applied for selection of optimum process parameters of induction hardening of EN8 D steel. The experimental investigation shows the effects of process parameters such as power, heating time on hardness and case depth pattern achieved on work piece. The optimum parameters found are 14 kw power and heating time 4 sec. power is the most influential parameter. Further multiple regression equations are formulated for estimating predicted values of hardness of slots for a specified range. The results obtained by regression equations closely co relate each other which validates the regression equation developed. And micro structure analysis justified the hardening work.
